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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide a semiconductor device which can efficiently radiate 
heat and is suitable for small-scale many-kind production and a method for 
manufacturing the device. 

CONSTITUTION: After a (first) bare chip 10 is fixed on a circuit board 2 with 
fixing resin 3 in between, the chip 10 is connected to a circuit on the board 2 
through wire bonding and another (second) bare chip 20 is fixed on the chip 10 
with an insulating member 5 composed of insulating resin and fixing resin 3 in 
between. Then the chip 20 is connected to another circuit on the board 2 
through wire bonding 4. A semiconductor device 1 is manufactured in such a 
way. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The bare chip of 1 with which two or more bare chips are the semiconductor devices which 
are mounted in three dimensions and change, and are mounted on said circuit board on the circuit board, 
The bonding wire of 1 which makes electric connection with said bare chip of 1 and circuit on said 
circuit board, The semiconductor device characterized by having other bonding wires which make 
electric connection between other bare chips connected through an insulating member on said bare chip 
of 1, a bare chip besides the above, and the circuit on said circuit board. 

[Claim 2] after mounting the bare chip of one on the circuit board — this — the manufacture approach 
of the semiconductor device characterized by connecting the bare chip of 1, and the circuit on this 
circuit board by the bonding wire of 1, and connecting these other bare chips and the circuit on said 
circuit board by other bonding wires after connecting other bare chips through an insulating member 
subsequently on said bare chip of 1. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor device which mounts two or more 
bare chips in three dimensions, and changes on the circuit board, and its manufacture approach. 
[0002] 

[Description of the Prior Art] When manufacturing the semiconductor device of a high degree of 
integration with a small package, multi chip moduleHzation which mounts two or more bare chips on the 
circuit board is considered. Among these, as three-dimension mounting structure of mounting two or 
more bare chips in piles, the tape for TAB (Tape Automated Bonding) is connected to each bare chip, 
respectively, and the structure of mounting these in piles at the predetermined spacing is considered 
(for example, Kenzo Hatada work, a guide to TAB technical (Kogyo Chosakai Publishing publication), 
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p290 reference). 
[0003] 

[Problem(s) to be Solved by the Invention] However, it is necessary to prepare the tape for TAB of 
dedication according to the magnitude and wiring spacing of a bare chip, and time and effort and time 
amount will be dramatically taken in such a semiconductor device. That is, the tape for TAB performs 
photolithography and etching processing to a predetermined carrier tape, needs to form the lead which 
is a conductor or needs to form the bump for connection. For this reason, it is unsuitable when 
producing a wide variety in limited amounts especially by much development front-end cost starting. 
[0004] Moreover, the heat dissipation path of two or more bare chips mounted in piles has the bleedoff 
to surrounding air from a bare chip, and bleedoff to the exterior through the lead for connection of a 
TAB tape. However, since the thickness of a lead is generally about 35 micrometers, high heat 
dissipation effectiveness cannot be expected and two or more bare chips are arranged in piles, sufficient 
heat dissipation to the air around a bare chip is not expectable, either. 
[0005] 

[Means for Solving the Problem] This inventions are the semiconductor device accomplished in order to 
solve such a technical problem, and its manufacture approach. That is, this invention is a semiconductor 
device which two or more bare chips are mounted in three dimensions at a circuit board top, and 
changes, and is equipped with other bonding wires which make electric connection between the bonding 
wire of 1 which makes electric connection between the bare chip of 1 mounted on the circuit board, the 
bare chip of 1 , and the circuit on the circuit board, other bare chips connected through an insulating 
member at the bare chip top of 1, other bare chips, and the circuit on the circuit board. 
[0006] Moreover, it is the manufacture approach of the semiconductor device which connects the bare 
chip of one, and the circuit on the circuit board by the bonding wire of 1 after mounting the bare chip of 
one on the circuit board, and subsequently connects other bare chips and the circuit on the circuit 
board by other bonding wires after connecting other bare chips through an insulating member on the 
bare chip of 1 . 
[0007] 

[Function] In the semiconductor device of this invention, since the bare chip of 1 mounted on the circuit 
board and other bare chips are connected through the insulating member, the heat from each bare chip 
will be in the condition of emitting outside through this insulating member. Moreover, by the manufacture 
approach of the semiconductor device of this invention, since each bare chip and the circuit board are 
connected by the bonding wire, even if it is the case where magnitude, wiring spacing, etc. of a bare chip 
are changed, it can respond easily. 
[0008] 

[Example] Below, the example in the semiconductor device and its manufacture approach of this 
invention is explained based on drawing. Drawing 1 is type section drawing explaining the semiconductor 
device of this invention, (a) shows two steps of examples and (b) shows three steps of examples. As for 
the semiconductor device 1 shown in drawing 1 (a), two bare chips, the 1st bare chip 10 and the 2nd 
bare chip 20, are mounted in piles on the circuit board 2. Namely, the 1st bare chip 10 by which this 
semiconductor device 1 is connected through the resin 3 for immobilization on the circuit board 2 in 
which the predetermined circuit (not shown) was formed, The bonding wire 4 which connects electrically 
the 1st bare chip 10 and the circuit of the circuit board 2, It has composition equipped with the bonding 
wire 4 which connects electrically the 2nd bare chip 20 connected through the resin 5 for an insulation 
and the resin 3 for immobilization which are an insulating member on the 1st bare chip 10, the 2nd bare 
chip 20, and the circuit of the circuit board 2. 

[0009] The circuit board 2 consists of adhesives of the epoxy system which mixed the silver filler etc., 
in order that it may consist of what put the predetermined conductor on the substrate made from the 
ceramics and the resin 3 for immobilization may raise thermal conductivity. The loop-formation part of a 
bonding wire 4 is applied to the resin 5 for an insulation in the state of the wrap on the 1st bare chip 10, 
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and it has achieved the duty which maintains the electric insulation with a bonding wire 4, the 1st bare 
chip 10, and the 2nd bare chip 20. The filler (for example, an alumina, alumimium nitride, silicone, a 
diamond) for maintaining insulation at the resin 5 for an insulation furthermore, and raising thermal 
conductivity is mixed. 

[0010] In this semiconductor device 1, since the resin 5 for an insulation and the resin 3 for 
immobilization intervene in the condition of carrying out field contact with each bare chip, between the 
1st bare chip 10 and the 2nd bare chip 20 which are arranged by lapping, the heat from the 1st bare chip 
10 and the 2nd bare chip 20 will be in the condition of emitting to the exterior efficiently through this 
resin 5 for an insulation, and the resin 3 for immobilization. That is, since the filler for raising thermal 
conductivity to the resin 5 for an insulation and the resin 3 for immobilization respectively is mixed, 
compared with the case where between the 1st bare chip 10 and the 2nd bare chip 20 is air, heat 
dissipation effectiveness will increase far. 

[001 1] Moreover, the semiconductor device 1 shown in drawing 1 (b) is the structure where the 1st bare 
chip 10, the 2nd bare chip 20, and the 3rd bare chip 30 are mounted on the circuit board 2. That is, in 
addition to heavy doubling of the 1st bare chip 10 explained previously and the 2nd bare chip 20, it has 
structure which connected the 3rd bare chip 30 through the resin 5 for an insulation and the resin 3 for 
immobilization which are an insulating member on the 2nd bare chip 20. The 3rd bare chip 30 as well as 
other 1st bare chip 10 and the 2nd bare chip 20 is connected to the circuit and the electric target of 
the circuit board 2 by the bonding wire 4. 

[0012] Moreover, the resin 3 for immobilization and the resin 5 for an insulation between the 3rd bare 
chip 30 and the 2nd bare chip 20 are also using what mixed the same filler as the point. By this, the heat 
from the 2nd bare chip 20 and the 3rd bare chip 30 will be in the condition of emitting to the exterior 
efficiently through the resin 3 for immobilization and the resin 5 for an insulation of a between. Moreover, 
it becomes possible to attain densification further by mounting a bare chip in three steps. In addition, 
although the example which puts a bare chip on two steps and three steps in drawing 1 was shown, it is 
the same even if it is the case where much more bare chips are piled up. 

[0013] Thus, since heat dissipation effectiveness can be raised even if it is the semiconductor device 1 
which mounts two or more bare chips in piles in three dimensions, even if power consumption uses a 
large bare chip, in the semiconductor device 1 in this example, neither generating of failure nor 
compaction of a life can break out easily. 

[0014] Next, the manufacture approach of the semiconductor device of this invention is explained in 
order based on drawing 2 R> 2. The manufacture approach of the semiconductor device 1 which 
changes a bare chip in piles two steps is roughly divided into three processes, and is explained 
especially here. First, as the 1st process shown in drawing 2 (a), dispensing spreading of the resin 3 for 
immobilization of the epoxy system which mixed the silver filler etc. on the circuit board 2 is carried out, 
and the 1st bare chip 10 is carried on this in the liquefied condition. And heat-treatment of about 1 hour 
is performed at 150 degrees C, the resin 3 for immobilization is stiffened, and the 1st bare chip 10 is 
fixed on the circuit board 2. Then, the 1st bare chip 10 and the circuit of the circuit board 2 are 
connected by the bonding wire 4. 

[0015] Subsequently, spreading of the resin 5 for an insulation and the resin 3 for immobilization is 
performed on the 1st bare chip as the 2nd process shown in drawing 2 (b). The resin 5 for an insulation 
uses the thing of the epoxy system which mixed the alumina filler for maintaining insulation and raising 
thermal conductivity etc., as explained previously, and it carries out dispensing spreading of this on the 
1st bare chip 10. Under the present circumstances, the loop-formation part of the bonding wire 4 
connected to the 1st bare chip 10 is applied to a wrap condition. And heat-treatment of about 1 hour is 
performed at 150 degrees C, the resin 5 for an insulation is stiffened, and the front face is made 
common. Moreover, on this resin 5 for an insulation, the resin 3 for immobilization for fixing the 2nd bare 
chip 20 at the following process is applied. 

[0016] Next, processing which connects the 2nd bare chip 20 through the resin 5 for an insulation and 
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the resin 3 for immobilization which are shown in drawing 2 (c) t and which were applied on the 1st bare 
chip 10 as the 3rd process is performed. That is, the 2nd bare chip 20 is carried on the resin 3 for 
immobilization applied on it by using as a base the resin 5 for an insulation stiffened at the 2nd process, 
for example, the resin 3 for immobilization is stiffened by heat-treatment of about 1 hour at 1 50 degrees 
C. And the 2nd bare chip 20 fixed by hardening of the resin 3 for immobilization and the circuit of the 
circuit board 2 are connected by the bonding wire 4. Thereby, manufacture of the semiconductor device 
1 of this invention is completed. 

[0017] In such a manufacture approach, since electric connection between the 1st bare chip 10 and the 
2nd bare chip 20, and the circuit of the circuit board 2 is made by the bonding wire 4, respectively, for 
example, when using the bare chip (that from which magnitude, wiring spacing, the number of wiring, etc. 
differ) of other classes, it can respond about electric connection only by program setting-out 
modification (modification of the set point which specifies the connecting location of a bonding wire 4) 
with wire-bonding equipment. 

[0018] Moreover, when using the bare chip of other classes, it can respond also about connection of the 
1st bare chip 10 and the 2nd bare chip 20 only by program setting-out modification of the equipment 
which applies the resin 5 for an insulation, and the resin 3 for immobilization. Therefore, even if it is the 
case where the semiconductor device 1 of a different form is manufactured, it can respond immediately, 
and there is a merit that it is necessary to hardly spend the front-end cost accompanying form 
modification. 

[0019] In addition, although drawing 2 showed the example of the manufacture approach of the 
semiconductor device 1 which changes two bare chips, the 1st bare chip 10 and the 2nd bare chip 20, in 
piles, it is the same even if it is the manufacture approach of a semiconductor device of piling up the 
semiconductor device 1 and the bare chip beyond this which make three steps the 3rd bare chip 30 as 
shown in drawing 1 (b) in piles. In this case, what is necessary is just to connect other bare chips with 
having connected the 2nd bare chip 20 through the resin 5 for an insulation, and the resin 3 for 
immobilization on the 1st bare chip 10 on the 3rd bare chip 30 similarly. 

[0020] Drawing 3 is type section drawing explaining other examples of the semiconductor device 1 of 
this invention. Drawing 3 (a) and (b) show respectively the example of the semiconductor device 1 with 
which the magnitude of the 1st bare chip 10 and the 2nd bare chip 20 differs. With the semiconductor 
device 1 shown in drawing 3 (a), the 2nd bare chip 20 smaller than this is connected on the 1st bare 
chip 10, and the 2nd larger bare chip 20 than this is connected on the 1st bare chip 10 with the 
semiconductor device 1 shown in drawing 3 (b). Thus, the magnitude of the bare chip to pile up may 
differ and the semiconductor device 1 which consists of the combination of various bare chips by this 
can be constituted. 

[0021] Moreover, the semiconductor device 1 shown in drawing 3 (c) establishes a hollow in a part for 
the center section of the resin 5 for an insulation on the 1st bare chip 10, and has composition which 
embeds the 2nd bare chip 20 into this. In manufacturing this semiconductor device 1, the 1st bare chip 
is first connected through the resin 3 for immobilization on the circuit board 2, and it gives wiring by the 
bonding wire 4. Then, although the resin 5 for an insulation is applied on the 1st bare chip 10, a hollow is 
prepared in the wiring field (refer to S in drawing) of a bonding wire 4 in this case. 

[0022] In order to prepare this hollow, after applying the loop-formation part of a bonding wire 4 for the 
bonding wire 4 connected to the 1st bare chip 10 in the shape of a method dam of a wrap as resin 5 for 
a wrap insulation using a viscous high thing, the viscous low resin 5 for an insulation is thinly applied to 
this inside. And the resin 3 for immobilization for fixing so that the 2nd bare chip 20 may be embedded in 
this hollow is applied as thinly as possible, and the 2nd bare chip 20 is connected through this. 
[0023] In such a semiconductor device 1, it enables only the part which established the hollow in the 
resin 5 for an insulation to make low height h of the semiconductor device 1 whole compared with other 
examples. That is, it will become effective when attaining thin shapeHzation of a semiconductor device 1 
to the improvement pan of the densification of a semiconductor device 1, and heat dissipation 
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effectiveness. 

[0024] In addition, in which semiconductor device 1 shown in this example, the resin 5 for an insulation 
and the resin 3 for immobilization were explained as a different thing, and it is good also considering the 
resin 3 for immobilization as the same thing as the resin 5 for an insulation. It becomes possible to aim 
at the cost cut in manufacture of a semiconductor device 1 further by this. Moreover, also in other 
examples shown in drawing 3 , even if it is not only when making a bare chip into two steps, but three 
steps, or more than it, it is the same. 
[0025] 

[Effect of the Invention] As explained above, according to the semiconductor device and its 
manufacture approach of this invention, there is the following effectiveness. That is, even if it is the 
case of the semiconductor device on which two or more bare chips are put, since the insulating member 
is minded between each bare chip, it becomes possible to raise the heat dissipation effectiveness of a 
bare chip. Moreover, since it is wiring using the bonding wire in manufacturing the semiconductor device 
of this invention, it becomes possible to correspond to limited production with a wide variety 
immediately. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is type section drawing explaining the semiconductor device of this invention, and (a) is 
two steps of examples and (b) is three steps of examples. 

[Drawing 2] It is type section drawing which explains the manufacture approach of the semiconductor 

device of this invention in order of each process of (a) - (c). 

[Drawing 3] It is type section drawing showing other examples in (a) - (c). 

[Description of Notations] v 

1 Semiconductor Device 

2 Circuit Board 

3 Resin for Immobilization 

4 Bonding Wire 

5 Resin for Insulation 
10 1st Bare Chip 

20 2nd Bare Chip 
30 3rd Bare Chip 
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